Introduction
============

COPD is a global public health concern and is currently the third leading cause of death worldwide. It is a common, complex, and heterogeneous condition, which is responsible for considerable and growing morbidity, mortality, and health care expenses worldwide.[@b1-copd-12-615],[@b2-copd-12-615] Exacerbations of COPD indicate instability or worsening of the patient's clinical status and progression of the disease and have been associated with the development of complications, an increased risk of subsequent exacerbations, a worsening of coexisting conditions, reduced health status and physical activity, deterioration of lung function, and an increased risk of death.[@b3-copd-12-615] Once the diagnosis of COPD has been made, the prediction of the prognosis such as exacerbation or mortality seems to be of vital importance; however, in some primary health care settings with inferior approach of examination, the evaluation of prognosis seems to be a mission impossible.

As a common and debilitating chronic inflammatory disease that is characterized by the progressive development of airflow limitation and is poorly reversible, the global burden of COPD is increasing. In COPD, cigarette smoking is strongly linked to the ongoing inflammation in the airways and lung parenchyma, and the severity of airflow limitation is correlated with the degree of pulmonary inflammation.[@b4-copd-12-615]

In recent years, the neutrophil-to-lymphocyte ratio (NLR) in peripheral blood has drawn attention as a potential systemic inflammatory biomarker. NLR has been used as an independent prognostic factor in various solid tumors, including lung cancer, colorectal cancer, pancreatic cancer, breast cancer, ovarian cancer, and gastric cancer as well as various cardiovascular diseases.[@b5-copd-12-615] In 2014, Guany et al[@b6-copd-12-615] found that NLR could be considered as a new inflammatory marker for assessment of inflammation in COPD patients owing to its quick, inexpensive, and easily measurable property with routine complete blood count analysis. Later, several studies on NLR and COPD showed that NLR was associated with airflow limitation, disease severity, exacerbation, hospitalization, and all-cause mortality in COPD patients.[@b7-copd-12-615]--[@b10-copd-12-615] Eosinophils are end-stage cells derived from the bone marrow under the influence of granulocyte-macrophage colony-stimulating factor, interleukin (IL)-3 and the late differentiation factor IL-5.[@b11-copd-12-615] Saltürk et al found that noneosinophilic COPD exacerbations can be more severe with a higher APACHE II score and more sepsis-related complications. As such, noneosinophilic COPD exacerbations have a higher rate of noninvasive mechanical ventilation failure, a longer length of intensive care unit stay and a higher mortality rate.[@b12-copd-12-615] In terms of their ontogeny, eosinophils are closely related to basophils rather than neutrophils or monocytes.[@b11-copd-12-615] However, basophils are considered to be responsible for inducing inflammatory reactions during immune response such as nephritis in lupus.[@b13-copd-12-615] In that case, since it appears that both low eosinophil and high basophil can lead to the deterioration of COPD, we postulated that the eosinophil-to-basophil ratio (EBR) is possibly positively correlated with the favorable prognosis of COPD and vice versa. For other parameters in routine blood test (RBT), Tertemiz et al[@b14-copd-12-615] indicated that the increased red cell distribution width (RDW) values were related to underlying chronic inflammation, which promotes red blood cell (RBC) membrane deformability and changes in erythropoiesis.

Since systemic inflammation is persistent in COPD patients, we hypothesize that the parameters such as NLR, EBR, or even RDW, RBC, and hemoglobin (Hb) in RBT can possibly be used to predict the prognosis such as exacerbation or mortality of COPD. Although there have been several studies regarding the correlation between the prognosis and NLR as well as eosinophils in patients with COPD, few of them were comprehensive, none of them involved the other parameters in RBT such as EBR, Hb, and RBC meanwhile, the results of them are not exhaustive. Therefore, the purpose of this study is to clarify the correlation between the prognosis of COPD and several basic biomarkers in RBT in order to find out whether RBT can be helpful for the prediction of outcome of COPD. It would be significant if such function of RBT could be proved for patients with COPD.

Methods
=======

Study design
------------

This prospective, multicentered, parallel-group, case--control study was performed from July 2014 to July 2016. The inclusion criteria and exclusion criteria are shown in [Table 1](#t1-copd-12-615){ref-type="table"}. The flowchart showing the enrollment, screening, follow-up, and outcome of this study is depicted in [Figure 1](#f1-copd-12-615){ref-type="fig"}. The participating institutions included Shanghai Gongli Hospital, Shanghai Punan Hospital and Shanghai Renji Hospital.

Subjects
--------

We enrolled patients who were at least 40 years old diagnosed with COPD and in stable stage of disease with the severity from moderate to very severe. The diagnostic criteria were defined as a forced expiratory volume in 1 second (FEV1) that was \<80% of the predicted volume and \<70% of the forced vital capacity after bronchodilation and a history of at least one documented exacerbation in the past 12 months before screening.[@b15-copd-12-615] The subjects in the control group were healthy people who were older than 40 years with or without smoking history.

Assessments
-----------

At each participating center, the RBT, pulmonary function test, BODE index, erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), and procalcitonin in blood were measured for the COPD group at the enrollment, meanwhile, the RBT was assayed for the healthy control group. During the 24-month study period, all subjects were followed up on schedule once in every 3 months. At every follow-up, the RBT, pulmonary function test, BODE index, ESR, CRP, and procalcitonin were performed again for every subject in the COPD group. For subjects in the control group, RBT was the only checkup during the follow-up. The end point was the end of the study or the death of patients. At the end point of the study, the exacerbation count was recorded. Survival rate and exacerbation rate were calculated once in every month. After the collection of all databases, the differences among the parameters such as WBC, RBC, neutrophil, lymphocyte, eosinophil, basophil, NLR, EBR, RDW, Hb, and platelet (PLT) in RBT between the COPD group and those of healthy group were compared. For the next step, after subjects in the COPD group were stratified into survival group and death group according to the outcome of patients, the parameters in RBT between the two groups were compared. Then, the correlation between all the prognostic markers throughout the whole follow-up, such as BODE index, Global Initiative for Chronic Obstructive Lung Disease (GOLD) stage, previous exacerbation count, RBT, CRP, procalcitonin, ESR, and the mortality of patients, was analyzed for the COPD group. For the parameters in RBT, which were most positively or negatively correlated with the mortality, the cutoff points were analyzed. According to the cutoff points, we stratified the subjects into the parameter-positive group and parameter-negative group, and then the mortality incidence and exacerbation counts were compared between the corresponding groups.

All the COPD patients received standard medication in accordance to the GOLD guidelines during the follow-up.[@b16-copd-12-615] In this study, all the COPD subjects received Spiriva Respimat for daily therapeutic management. Those subjects who were lost to follow-up or received standard medication were excluded. Exacerbation was defined as an event in the natural course of the disease characterized by a change in the patient's baseline dyspnea, cough, and/or sputum, which is beyond normal day-to-day variations, is acute in onset, and may warrant a change in medication in a patient with underlying COPD.[@b16-copd-12-615] Mortality was defined as death that resulted from COPD or its comorbidities. The deceased who died from other reasons were excluded from the mortality cohort. The exacerbation incidence was defined as the number of patients who had at least one exacerbation divided by the number of all patients in every month. NLR was defined as the absolute neutrophil count divided by the absolute lymphocyte count. The EBR was defined as the absolute eosinophil count divided by the absolute basophil count. The blood analyzer used in all the centers for this study was DxH 800 blood analyzer (Beckman Coulter, Inc., Brea, CA, USA). The spirometer used in all centers for this study was Jaeger Masterscreen spirometer (Jaeger, Inc., Bodnegg, Germany).

Study oversight
---------------

The trial was performed in accordance with the provisions of the Declaration of Helsinki, and the study protocol was approved by the ethics review board at each institution. All patients who were enrolled in this study signed their written informed consent. All the authors worked collaboratively to prepare the final content and made the decision of submission as well as the publication.

Statistical analysis
--------------------

Measurement data are presented as mean ± standard deviation or median with interquartile range according to whether they conform to normal distribution. Categorical data are presented as frequencies and percentages. Comparison of continuous variables between two groups was performed using an unpaired *t*-test. We performed both univariate and multivariate logistic regression analyses to calculate odds ratios (ORs) and 95% confidence intervals (CIs) for each parameter as a continuous variable. In addition, we used the Kaplan--Meier method to estimate the probability of COPD exacerbation and mortality. Statistical significance was accepted at *P*\<0.05. All statistical analyses were performed using SPSS 19 software (SPSS Inc., Chicago, IL, USA) and R package version 3.0.2. (Free Software Foundation, Inc, Boston, MA, USA).

Results
=======

Subjects at baseline
--------------------

A total of 409 patients underwent the enrollment and screening. At the end point of study, 368 cases of COPD patients who were eligible completed the study. A total of 68.5% of the patients were men; the mean age was 70.6 years. The cases in moderate, severe and very severe stages were 86, 124 and 158, respectively. The baseline characteristics of the patients and the use of respiratory medications were similar in the COPD group. The main characteristics of the subjects at baseline are shown in [Table 2](#t2-copd-12-615){ref-type="table"}.

Overall comparison of RBT between COPD group and control group
--------------------------------------------------------------

After all the follow-ups being done, the overall comparison of RBT between COPD group and control group throughout the whole study was performed. It was discovered in our study that there were some significant differences about several parameters of RBT between COPD group and control group. The NLR (*P*\<0.001), neutrophil and basophil in COPD group were higher than those of the control group with statistical difference. However, the EBR (*P*\<0.001), eosinophil, and lymphocyte in COPD group were lower than those of the control group. There was no statistical difference between two groups among Hb, RBC, RDW, or PLT. The detailed information are shown in [Table 3](#t3-copd-12-615){ref-type="table"}.

Overall comparison of RBT between survival group and death group
----------------------------------------------------------------

According to the outcome of COPD patients, all subjects in COPD group were stratified into survival group and death group. The results showed that the NLR (*P*\<0.001), neutrophil, and basophil of the survival group were lower than those of the death group, meanwhile, the eosinophil, lymphocyte, Hb, and EBR (*P*\<0.001) of the survival group were higher than those of the death group throughout the whole study. There was no difference among WBC, RBC, RDW, or PLT between two groups. The detailed results are shown in [Table 4](#t4-copd-12-615){ref-type="table"}.

Prognostic indicators correlated with mortality
-----------------------------------------------

At the end of the study, for all the subjects in COPD group, there were 96 patients who died of COPD. Among all the deceased COPD patients, the cases in moderate, severe, and very severe stages were 7, 33, and 56, respectively. To our surprise, after the analysis of the correlation between all prognostic factors throughout the whole follow-up and the mortality of patients with both univariate and multivariate analyses, we found out among all the hazardous predictors for a death, the NLR was the most relevant one (univariate: OR =3.58, *P*\<0.001; multivariate: OR =3.95, *P*\<0.001). The top three factors that positively correlated with mortality were NLR, BODE index, and previous exacerbation count. Meanwhile, among all the protective predictors for a death, the EBR was the most relevant one (univariate: OR =0.56, *P*\<0.001; multivariate: OR =0.32, *P*\<0.001). The top three factors that negatively correlated with mortality were EBR, Hb, and FEV1 volume, respectively. The results of our study also showed that CRP was positively correlated with the mortality, while procalcitonin was not. However, compared with that of NLR or EBR, the relevance of CRP to mortality was inferior. What's more, no relationship was found for ESR. The detailed information is displayed in [Tables 5](#t5-copd-12-615){ref-type="table"} and [6](#t6-copd-12-615){ref-type="table"}. We also conducted receiver operating characteristic (ROC) curve to obtain cutoff point of NLR and EBR for the prediction of mortality. The results of our study indicated that for NLR, the specificity and sensitivity were 89.7 and 85.8, respectively, when cutoff point was 3.3 with area under the curve (AUC) of 0.91. The NLR ≥3.3 was considered to be an independent predictor for mortality. As for EBR, the specificity and sensitivity were 88.1 and 85.3, respectively, when cutoff point was 4.2 with AUC of 0.89. The EBR ≤4.2 was considered to be an independent predictor for mortality. The results of ROC curve are displayed in [Figure 2](#f2-copd-12-615){ref-type="fig"}.

Comparison of prognosis between high NLR group and low NLR group
----------------------------------------------------------------

According to the cutoff point of NLR, all subjects of COPD group were stratified into high NLR group (n=202) and low NLR group (n=166). After the comparison of exacerbation count and survival rate between the two groups, we found that the exacerbation count of high NLR group was higher than that of low NLR group (*P*=0.006); meanwhile, the survival rate of high NLR group was lower than that of low NLR group (*P*\<0.001). The detailed results are displayed in the Kaplan--Meier plot ([Figure 3](#f3-copd-12-615){ref-type="fig"}).

Comparison of prognosis between high EBR group and low EBR group
----------------------------------------------------------------

According to the cutoff point of EBR, all subjects of COPD group were stratified into high EBR group (n=178) and low EBR group (n=190). After the comparison of exacerbation count and survival rate between the two groups, we found that the exacerbation count of high EBR group was lower than that of low EBR group (*P*\<0.001); meanwhile, the survival rate of high EBR group was higher than that of low EBR group (*P*=0.005). The detailed results are displayed in the Kaplan--Meier plot ([Figure 4](#f4-copd-12-615){ref-type="fig"}).

Discussion
==========

In our study, COPD patients were followed up and predicted with biomarkers in RBT for their prognosis. In this perspective follow-up study, the prognostic factors such as NLR and EBR in RBT were found to be useful markers for the prediction of prognosis and assessment of the severity in patients with COPD.

First, we found that the NLR, neutrophil, and basophil in COPD group were higher than those of the control group, meanwhile, the EBR, eosinophil, and lymphocyte in COPD group were lower than those of the control group. Second, the NLR, neutrophil, and basophil of the survival group were lower than those of the death group, meanwhile, eosinophil, lymphocyte, Hb, and EBR of the survival group were higher than those of the death group. Third, we found that the most correlated prognostic markers with mortality of COPD were NLR and EBR. Fourth, we found that the exacerbation count of high NLR group was higher than that of low NLR group, meanwhile, the survival rate of high NLR group was lower than that of low NLR group. Finally, we found that the exacerbation count of high EBR group was lower than that of low EBR group, meanwhile, the survival rate of high EBR group was higher than that of low EBR group.

Although there is a complex persistent inflammatory response within the airways and lung parenchyma beginning in the early stages of the disease, COPD is now recognized as a representative systemic inflammatory disease.[@b17-copd-12-615] It may be reasonable to assume that the level of circulating systemic inflammatory markers is higher in patients with COPD than in healthy control subjects. In fact, several studies have shown that patients with COPD, even during stable period, have higher level of CRP, fibrinogen, IL-6, and tumor necrosis factor (TNF)-α as compared with those in healthy controls, and elevated markers of inflammation are associated with an increased risk of disease exacerbation and death.[@b17-copd-12-615]--[@b20-copd-12-615] Several mechanisms have been proposed for the origin of the increased systemic inflammation of COPD. First, the spillover of inflammatory mediators from the pulmonary compartment; second, an inflammatory reaction to tissue hypoxia, and third, a reaction induced by the proinflammatory bacterial product lipopolysaccharide.[@b21-copd-12-615]

In the course of inflammation of COPD, like severe asthma and other hypersecretive diseases such as bronchiectasis and cystic fibrosis, neutrophilic airway inflammation is a key disease feature. Neutrophils are predominantly increased in more severe exacerbations caused by bacterial infections; however, this increase is not limited to bacteria-associated exacerbations alone.[@b21-copd-12-615] Since inherited α1-antitrypsin deficiency was first linked to the disease, neutrophil was considered to be the perpetrator of a protease/antiprotease imbalance in the lung. Neutrophils adhere to endothelial cells and migrate into the respiratory tract rapidly transiting through the airways and parenchyma under the direction of neutrophil chemotactic factors then finally survive by some cytokines.[@b22-copd-12-615] After the recruitment, activated neutrophils cause tissue destruction in lungs by releasing oxygen radicals and proteolytic enzymes such as neutrophil elastase and matrix metalloproteinases, which ultimately results in alveolar destruction and emphysema. Emphysematous change may lead to chronic airway obstruction by affecting the structure and contractility of airway smooth muscle when neutrophils combined with small airway disease. Analyses of airway smooth muscle have shown a relationship between neutrophil infiltration and both computed tomographic measurements of air trapping and severity of airflow obstruction.[@b9-copd-12-615],[@b22-copd-12-615]--[@b27-copd-12-615] Human studies have demonstrated a correlation between emphysema severity and elastase levels in peripheral blood neutrophils, induced sputum, airway lavage fluid, and bronchial biopsy specimens both when stable and during exacerbation.[@b23-copd-12-615] The extent of inflammation in small airways is associated with the extent of airflow obstruction in COPD, systemic biomarkers of neutrophil inflammation are associated with COPD severity as reflected in the GOLD stages.[@b8-copd-12-615],[@b22-copd-12-615],[@b28-copd-12-615]

On the other hand, several studies found that the increase in lymphocytes has been suggested to be caused by chronic immune stimulation due to infectious pathogens.[@b29-copd-12-615]--[@b31-copd-12-615] In COPD, most CD8^+^ cells in T lymphocyte cells are supposed to represent cytotoxic memory cells, which are produced after a first airway infection and facilitate a faster and more effective response of the immune system when the next infection occurs. The higher CD8^+^ numbers in stable COPD patients may be caused by the occurrence of an airway infection in the preceding few months, or alternatively there is a continuous low-grade infection, and the numbers of CD8^+^ cells reflect the need to protect the lung tissue.[@b21-copd-12-615],[@b23-copd-12-615] Low lymphocyte count is associated with poor outcomes in patients suffering from acute medical conditions, such as sepsis, bacteremia, and trauma, and also in patients with chronic diseases such as cardiovascular diseases, cancers, and inflammatory bowel disease. As a biomarker of poor overall survival in general, lymphopenia is associated with age and poor nutritional status, which also characterizes COPD.[@b7-copd-12-615]

In our study, we confirmed that neutrophil and lymphocyte are independently correlated with mortality; however, their relevance is not as much as that of NLR. Interestingly, similar to our study, Lee et al found that although neither neutrophil nor lymphocyte alone was correlated with FEV1; however, the NLR was correlated with FEV1. It is therefore reasonable to postulate that the NLR, which integrates neutrophilia as an indicator of inflammation and lymphopenia as an indicator of decreased immune competence or poorer general health, reflects the severity and activity of COPD better than neutrophilia or lymphopenia does alone.[@b9-copd-12-615] The combination of neutrophils and lymphocytes in a single composite indicator can potentially provide more powerful information, regarding the clinical status of COPD patients than a single parameter alone.[@b8-copd-12-615] It provides information beyond that of a complete white blood cell count due to high neutrophil granulocyte count reflecting systemic inflammation and lymphopenia reflecting immune competence,[@b7-copd-12-615] since systemic inflammation and compromised immunological function are the true essence of COPD.

There is some suggestion that subjects with lower eosinophil (\<2%) have more severe COPD and/or comorbidities, but the clinical importance is not fully understood. In a longitudinal analysis of the ECLIPSE cohort, COPD patients with persistent eosinophilia (\>2%) had significantly higher FEV1% predicted and fat-free mass, lower St George's Respiratory Questionnaire (SGRQ) and Modified Medical Research Council Dyspnea scores.[@b32-copd-12-615] A greater progression of emphysema and worsening in SGRQ score were observed in patients with persistent lower eosinophil counts. In the SPIROMICS study, subjects with lower baseline eosinophil (\<1%) had more severe COPD, evidenced by a greater degree of obstruction, shorter 6-minute walk distances (6MWDs) and higher numbers of exacerbations and were more commonly in GOLD stage III or IV.[@b33-copd-12-615] It is also interesting to realize that the eosinophil is the most steroid-sensitive cell in the airways.[@b21-copd-12-615] In stable COPD, it has been shown that higher number of eosinophils correlates with responsiveness to both oral and inhaled corticosteroids.[@b34-copd-12-615] A previous study showed that in the outpatient treatment of exacerbations of COPD, systemic corticosteroids should only be given to those who have a peripheral blood eosinophil count \>2%,[@b35-copd-12-615] blood eosinophil levels represent a potentially important biomarker that could aid treatment decision making in patients with moderate-to-severe COPD.[@b36-copd-12-615] The results of our study conformed to those of previous studies. In addition, in this study, we invented a new indicator, which was EBR and was negatively related to mortality. Since this is the first study that involves EBR, we do not have any previous study to refer to, however, as it was expected, it plays a protective role in the prognosis of COPD and demonstrates more accurate predictive power than each one of eosinophil or basophil does. For its interpretation, we speculate that maybe there is some mechanism that links eosinophil or basophil to the corticosteroids level of COPD patients making it possible to reflect the probability of mortality. This still remains ambiguous requiring further elucidation.

Although Tertemiz et al[@b14-copd-12-615] demonstrated that elevated RDW levels in patients with COPD were associated with disease severity and lower survival rates due to increased RDW levels might be an indicator of hypoxemia, underlying inflammation and oxidative stress in COPD patients, out of our reckoning, we did not find any relationship between RDW and the prognosis of the disease. We speculated that the interpretation of this phenomenon maybe lied in that the variation of RDW merely reflected the consistency of size and shape of erythrocyte more than the oxygen-carrying capacity. Nevertheless, to our surprise, we discovered that Hb was correlated with the mortality of COPD. Most previous studies did not describe a relationship between the prevalence of anemia and the severity of the COPD, nevertheless, Watz et al[@b37-copd-12-615] found that the prevalence of anemia was higher in patients with very severe COPD (14%). Zilz et al's study showed that lower Hb and hematocrit (Hc) levels were linked to higher depression values. Accordingly, they found in a large retrospective analysis that in patients with chronic respiratory failure, irrespective of the underlying etiology, anemia was independently related to dyspnea.[@b38-copd-12-615] Similar data were obtained by Cote et al[@b39-copd-12-615] who investigated 683 stable COPD outpatients and found that anemic patients showed a significantly higher Modified Medical Research Council score than nonanemic patients. As good as our speculation, Similowski et al[@b40-copd-12-615] deemed that the efficiency of gas exchange depends on Hb levels, which could worsen exercise capacity if they fall.

For another two biomarkers that are always discussed with inflammation, both CRP and procalcitonin were included in our study. A previous study has shown that the NLR can predict bacteremia or the severity of community-acquired pneumonia with a higher prognostic accuracy than traditional infection parameters, including CRP.[@b8-copd-12-615] Our finding suggests that although its relevance to mortality is inferior to that of NLR or EBR, CRP is still correlated with mortality in contrast to procalcitonin. Coincidentally, Soler et al[@b41-copd-12-615] indicated that CRP, but not PCT, may be a useful parameter to increase confidence of the absence of bacterial bronchial infection. Moreover, similar to the previous study of Corsonello, our study showed that ESR is not qualified as the reliable marker for COPD severity,[@b42-copd-12-615] possibly due to its nonspecificity to any specific disease. In addition, BODE index, previous exacerbation count, and FEV1 volume were also found to be highly related to mortality of COPD, however, they are beyond the scope of our discussion.

To sum up, it appears that neutrophil and basophil are hazardous factors for the prognosis of COPD, while eosinophil and lymphocyte are the protective ones. Compared with the each one of neutrophil, lymphocyte, eosinophil, and basophil as a single factor, NLR or EBR demonstrated more powerful prognostic capacity. Compared with other prognostic indicators such as BODE index, GOLD stage, FEV1, MMRC, 6MWD, or exacerbation count, which are likely influenced by the subjective effort, perception, or memory of patients, NLR and EBR are more objective in reflecting their condition.

Our study has both strengths and limitations. First, as far as we know, this is the first study that concerns the prediction of prognosis of COPD with comprehensive prognostic indicators in RBT. In addition, EBR was never mentioned in previous studies. Second, as the inflammation of COPD is systemic, we preferred choosing the parameters in blood than those in sputum. Third, we carried out the study stringently in accordance with the inclusion and exclusion criteria. This may explain why there were some dropouts in the COPD cohort. Nevertheless, there was still certain imperfection in this study. First, although some of the conditions were adjusted as possible as we could, we might not have completely excluded all the confounding factors that might influence the NLR. Second, most of the subjects included in the study were males and ever-smokers since male patients and smokers account for a major proportion in COPD patients. Accordingly, our results may not be applicable to females or never smokers. Third, we chose COPD patients with severity from moderate to very severe as the subjects due to exacerbation count is few for patients at mild stage. Therefore, the results may not be completely applicable for this type of patients.

Conclusion
==========

The results from this study show that the NLR and EBR in RBT have a significant correlation with the prognosis and severity of patients with COPD. The NLR ≥3.3 is an independent predictor for mortality and the EBR ≤4.2 is an independent predictor for mortality. RBT is the most elementary and simple assay, which is considered to provide minimal information. However, just like Lao tzu of Taoism said, "less is more". Therefore, the RBT, which is an inexpensive, accessible and convenient assay, may be applied as a practical means for the prediction of prognosis of patients with COPD in future clinical settings, especially in primary health care. Further study focusing on large scale of population is highly recommended.
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**Abbreviations:** CRP, C-reactive protein; PFT, pulmonary function testing; RBT, routine blood test.](copd-12-615Fig1){#f1-copd-12-615}

![Receiver operating characteristic (ROC) curve of NLR for the prediction of mortality (left); ROC curve of EBR for the prediction of mortality (right).\
**Abbreviations:** AUC, area under the curve; CI, confidence interval; EBR, eosinophil-to-basophil ratio; NLR, neutrophil-to-lymphocyte ratio.](copd-12-615Fig2){#f2-copd-12-615}

![Comparison of survival rate between high NLR group and low NLR group (left); comparison of exacerbation rate between high NLR group and low NLR group (right).\
**Notes:** ○, high NLR group; ●, low NLR group.\
**Abbreviation:** NLR, neutrophil-to-lymphocyte ratio.](copd-12-615Fig3){#f3-copd-12-615}

![Comparison of survival rate between high EBR group and low EBR group (left); comparison of exacerbation rate between high EBR group and low EBR group (right).\
**Notes:** ○, low EBR group; ●, high EBR group.\
**Abbreviation:** EBR, eosinophil-to-basophil ratio.](copd-12-615Fig4){#f4-copd-12-615}

###### 

Inclusion criteria and exclusion criteria

  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Inclusion criteria                                                                                                                                                                        Exclusion criteria
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  1\. Patients older than 40 years with a forced expiratory volume in 1 second (FEV1) that was \<80% of the predicted volume and \<70% of the forced vital capacity after bronchodilation   1\. Patients with other pulmonary diseases than COPD, autoimmune diseases, any acute infection, any inflammatory diseases, any malignancy, metabolic syndrome, and any hematological diseases\
                                                                                                                                                                                            2. Patients receiving long-term antibiotic, systemic or oral corticosteroids, or immunosuppressive treatment

  2\. At least one acute exacerbation of COPD within the last 12 months                                                                                                                     3\. Pregnant or breastfeeding women\
                                                                                                                                                                                            4. Dementia\
                                                                                                                                                                                            5. End-stage COPD with \<1 year of expected survival\
                                                                                                                                                                                            6. Less than 8 weeks after an exacerbation\
                                                                                                                                                                                            7. Lost to follow-up or standard medication\
                                                                                                                                                                                            8. Withdrawal of consent
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

###### 

Characteristics of the subjects at baseline

  --------------------------------------------------------------------------
  Characteristics                 COPD group\            Control group\
                                  (n=368)                (n=296)
  ------------------------------- ---------------------- -------------------
  Age (years)                     70.6±6.8               68.7±7.5

  Sex n, (female:male)            116:252                136:160

  Body mass index (kg/m^2^)       20.8 (16.4--24.7)      22.7 (18.3--25.6)

  Nonsmoker (n)                   55                     108

  Ex-smoker (n)                   251                    125

  Smoker (n)                      62                     63

  GOLD stage (II/III/IV)          86/124/158             --

  BODE index (point)              5.6±2.7                --

  6-minute walk distance (m)      424.3 (312.6--530.5)   --

  FEV1 (% of predicted value)     58.1±20.3              --

  FEV1 (mL)                       1.52±0.54              --

  MMRC dyspnea score (point)      1.44±1.02              --

  ESR (mm/h)                      35.8 (29.4--41.3)      --

  C-reactive protein (mg/L)       5.12±3.26              --

  Procalcitonin (ng/mL)           5.54±3.19              --

  Red blood cell (1×10^6^/μL)     5.44±1.59              4.93±1.37

  White blood cell (1×10^3^/μL)   7.38±1.62              7.84±1.93

  Neutrophil (1×10^3^/μL)         4.32±1.06              3.85±1.67

  Lymphocyte (1×10^3^/μL)         2.03±0.68              2.35±0.59

  Eosinophil (1×10^2^/μL)         0.28±0.02              0.34±0.05

  Basophil (1×10/μL)              0.05±0.01              0.03±0.02

  NLR (point)                     2.98±1.89              2.02±1.92

  EBR (point)                     5.76±2.34              4.83±2.12

  RDW (point)                     38.6±5.7               36.9±5.4

  Hemoglobin (g/L)                149.4±24.8             139.8±26.3

  Platelet (1×10^3^/μL)           215.6±121.8            221.7±125.4
  --------------------------------------------------------------------------

**Note:** Data presented as mean ± standard deviation, unless otherwise indicated.

**Abbreviations:** EBR, eosinophil to basophil ratio; ESR, erythrocyte sedimentation rate; FEV1, forced expiratory volume in 1 second; GOLD, Global Initiative for Chronic Obstructive Lung Disease; MMRC, Modified Medical Research Council; NLR, neutrophil to lymphocyte ratio; RDW, red cell distribution width.

###### 

Overall comparison of RBT between COPD group and control group

  --------------------------------------------------------------------------
  RBT                             COPD group\   Control group\   *P*-value
                                  (n=368)       (n=296)          
  ------------------------------- ------------- ---------------- -----------
  Red blood cell (1×10^6^/μL)     5.56±1.83     5.32±1.91        0.238

  White blood cell (1×10^3^/μL)   7.46±2.14     7.58±2.21        0.165

  Neutrophil (1×10^3^/μL)         5.13±1.66     3.21±1.73        0.033

  Lymphocyte (1×10^3^/μL)         1.87±0.85     2.45±0.67        0.021

  Eosinophil (1×10^2^/μL)         0.19±0.03     0.39±0.04        0.018

  Basophil (1×10/μL)              0.08±0.02     0.03±0.01        0.027

  NLR (point)                     4.88±1.84     2.16±1.77        \<0.001

  EBR (point)                     3.53±1.97     5.12±2.04        \<0.001

  RDW (point)                     36.9±5.9      35.5±4.8         0.059

  Hemoglobin (g/L)                164.7±27.5    125.9±25.8       \<0.001

  Platelet (1×10^3^/μL)           221.4±111.9   219.8±115.5      0.357
  --------------------------------------------------------------------------

**Note:** Data presented as mean ± standard deviation, unless otherwise indicated.

**Abbreviations:** EBR, eosinophil-to-basophil ratio; NLR, neutrophil-to-lymphocyte ratio; RBT, routine blood test; RDW, red cell distribution width.

###### 

Overall comparison of RBT between survival group and death group

  ----------------------------------------------------------------------------
  RBT                             Survival group\   Death group\   *P*-value
                                  (n=272)           (n=96)         
  ------------------------------- ----------------- -------------- -----------
  Red blood cell (1×10^6^/μL)     5.39±1.67         5.28±1.84      0.291

  White blood cell (1×10^3^/μL)   7.55±2.22         7.46±2.48      0.253

  Neutrophil (1×10^3^/μL)         3.16±1.35         5.28±1.69      0.012

  Lymphocyte (1×10^3^/μL)         2.82±0.99         1.08±0.64      0.016

  Eosinophil (1×10^2^/μL)         0.23±0.02         0.11±0.01      0.025

  Basophil (1×10/μL)              0.02±0.01         0.07±0.02      0.013

  NLR (point)                     2.19±1.36         6.18±1.59      \<0.001

  EBR (point)                     4.27±1.48         2.42±1.72      \<0.001

  RDW (point)                     34.6±6.3          36.1±5.4       0.071

  Hemoglobin (g/L)                159.4±26.7        128.3±23.9     0.028

  Platelet (1×10^3^/μL)           232.2±123.3       226.5±127.1    0.598
  ----------------------------------------------------------------------------

**Note:** Data presented as mean ± standard deviation, unless otherwise indicated.

**Abbreviations:** EBR, eosinophil-to-basophil ratio; NLR, neutrophil-to-lymphocyte ratio; RBT, routine blood test; RDW, red cell distribution width.

###### 

Univariate correlation between prognostic markers and mortality during the follow-up

  Predictors                                       Odds ratio to mortality (95% confidence interval)   *P*-value
  ------------------------------------------------ --------------------------------------------------- -----------
  Age (per increase of 10 years)                   1.33 (1.06--1.73)                                   0.025
  Sex (female vs male)                             1.65 (0.93--2.82)                                   0.018
  BMI (per increase of 1 kg/m^2^)                  0.88 (0.56--1.19)                                   0.128
  Smoking status (nonsmoker vs smoker)             1.57 (0.87--2.68)                                   0.016
  GOLD stage (per increase of one level)           1.76 (1.18--2.84)                                   0.003
  Exacerbation count (per increase of one time)    2.36 (1.27--3.42)                                   \<0.001
  BODE index (per increase of one point)           3.16 (2.07--4.31)                                   \<0.001
  6MWD (per increase of 50 m)                      0.91 (0.67--1.24)                                   0.589
  FEV1 (per 5% increase of predicted value)        0.85 (0.38--1.35)                                   0.358
  FEV1 (per increase of 100 mL)                    0.72 (0.43--1.02)                                   0.246
  MMRC dyspnea score (per increase of one point)   2.32 (0.87--1.99)                                   \<0.001
  RBC (per increase of 1×10^6^/μL)                 0.98 (0.64--1.22)                                   0.179
  WBC (per increase of 1×10^3^/μL)                 1.27 (0.75--1.76)                                   0.482
  Neutrophil (per increase of 1×10^3^/μL)          1.36 (0.91--1.77)                                   0.041
  Lymphocyte (per increase of 1×10^3^/μL)          0.75 (0.45--1.11)                                   0.038
  Eosinophil (per increase of 1×10^2^/μL)          0.83 (0.31--1.32)                                   0.022
  Basophil (per increase of 1×10/μL)               1.28 (0.68--1.62)                                   0.019
  NLR (per increase of one point)                  3.58 (2.28--5.24)                                   \<0.001
  EBR (per increase of one point)                  0.56 (0.13--0.96)                                   \<0.001
  RDW (per increase of one point)                  1.01 (0.62--1.35)                                   0.336
  Hemoglobin (per increase of 10 g/L)              0.69 (0.32--0.97)                                   \<0.001
  Platelet (per increase of 1×10^5^/μL)            1.03 (0.32--1.44)                                   0.267
  ESR (per increase of 10 mm/h)                    1.16 (0.35--1.78)                                   0.258
  CRP (per increase of 1 mg/L)                     2.28 (1.28--3.29)                                   \<0.001
  Procalcitonin (per increase of 1 ng/mL)          1.34 (0.95--1.74)                                   0.371

**Abbreviations:** BMI, body mass index; CRP, C-reactive protein; EBR, eosinophil-to-basophil ratio; ESR, erythrocyte sedimentation rate; FEV1, forced expiratory volume in 1 second; GOLD, Global Initiative for Chronic Obstructive Lung Disease; MMRC, Modified Medical Research Council; NLR, neutrophil-to-lymphocyte ratio; RBC, red blood cell; RDW, red cell distribution width; WBC, white blood cell; 6MWD, 6-minute walk distance.

###### 

Multivariate correlation between prognostic markers and mortality during the follow-up

  Predictors                                       Odds ratio to mortality (95% confidence interval)   *P*-value
  ------------------------------------------------ --------------------------------------------------- -----------
  Age (per increase of 10 years)                   1.28 (1.03--1.67)                                   0.022
  Sex (female vs male)                             1.61 (0.86--2.74)                                   0.017
  BMI (per increase of 1 kg/m^2^)                  0.85 (0.52--1.21)                                   0.131
  Smoking status (nonsmoker vs smoker)             1.52 (0.78--2.61)                                   0.012
  GOLD stage (per increase of one level)           1.84 (1.08--2.97)                                   \<0.001
  Exacerbation count (per increase of one time)    2.33 (1.23--3.58)                                   \<0.001
  BODE index (per increase of one point)           3.29 (2.13--4.45)                                   \<0.001
  6MWD (per increase of 50 m)                      0.88 (0.66--1.28)                                   0.576
  FEV1 (per 5% increase of predicted value)        0.83 (0.32--1.46)                                   0.374
  FEV1 (per increase of 100 mL)                    0.66 (0.47--1.34)                                   0.002
  MMRC dyspnea score (per increase of one point)   2.14 (0.84--2.23)                                   \<0.001
  RBC (per increase of 1×10^6^/μL)                 0.93 (0.56--1.32)                                   0.279
  WBC (per increase of 1×10^3^/μL)                 1.21 (0.63--1.56)                                   0.417
  Neutrophil (per increase of 1×10^3^/μL)          1.35 (0.88--1.66)                                   0.032
  Lymphocyte (per increase of 1×10^3^/μL)          0.78 (0.48--1.27)                                   0.029
  Eosinophil (per increase of 1×10^2^/μL)          0.67 (0.28--1.44)                                   0.004
  Basophil (per increase of 1×10/μL)               1.21 (0.56--1.39)                                   0.023
  NLR \<3.3 (point)                                1                                                   
  NLR ≥3.3 (point)                                 3.95 (2.54--6.38)                                   \<0.001
  EBR \>4.2 (point)                                1                                                   
  EBR ≤4.2 (point)                                 0.32 (0.18--0.52)                                   \<0.001
  RDW (per increase of one point)                  1.06 (0.49--1.27)                                   0.248
  Hemoglobin (per increase of 10 g/L)              0.53 (0.28--0.87)                                   \<0.001
  Platelet (per increase of 1×10^5^/μL)            1.04 (0.75--1.38)                                   0.235
  ESR (per increase of 10 mm/h)                    1.02 (0.57--1.67)                                   0.256
  CRP (per increase of 1 mg/L)                     2.01 (1.44--3.02)                                   \<0.001
  Procalcitonin (per increase of 1 ng/mL)          1.48 (0.93--1.36)                                   0.433

**Abbreviations:** BMI, body mass index; CRP, C-reactive protein; EBR, eosinophil-to-basophil ratio; ESR, erythrocyte sedimentation rate; FEV1, forced expiratory volume in 1 second; GOLD, Global Initiative for Chronic Obstructive Lung Disease; h, hour; MMRC, Modified Medical Research Council; NLR, neutrophil-to-lymphocyte ratio; RBC, red blood cell; RDW, red cell distribution width; WBC, white blood cell; 6MWD, 6-minute walk distance.
